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(57) Abstract 

A metliod and apparatus inovided for interfiocing a tiearing device and an auxiliary device to achieve a wircless communications 
link between tlie hearing device and a remote device. The hearing device has a case including an external comiector defining signal lines 
including power, ground, cloclc. data, and a fiulher signal line. Circuitry is provided within the auxiliary device for exchanging control data 
widi the hearing device using the clock and data signal lines and for exdianging audio informatics wiA die hearing device using one of 1) 
the clock and data signal hnes; and 2) the further input signaL 
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STANDARD-COMPATIBLE, POWER EFHGIENT 
DIGITAL AUDIO INTERFACE 

BACKGROUND OF THE INVENTION 

Field of the InYentiop 
5 The presem invention relates to data iiqmt for hearing device 

State of the Art 

Hearing devices, such as hearing aids, are becoming increasingly sophisticated. 
Soon, it will be common for hearing aids in both BTE (Behind The Ear) and ITE (In 
The Ear) packages to be DSP (Digital Signal Processor) -based. In one expected 
10 design, a hearing aid will be realized using a three-chip chip set including an analog 
chip, a DSP chip and a memory chip. 

Conmionly, provision has been made for interfacing hearing aids to external 
devices. Such devices might include, for exanq>le, programming devices, test devices, 
etc. Clearly, the physical connection used for such an interface must be very small. 

IS One known connector uses five contacts and may be used to inter&ce to the hearing aid 
a "piggy-back" auxiliary device hoiised in a package referred to as a "boot." A boot 
device might be used to augment the hearing aid batt^, to realize a fircquency-specific 
FM radio receiver, or for other uses. Referring to Figure 1, a perspective view of 
conventional hearing device and auxiliary device packages shows the manner of 

20 connection of the devices. 

Apart from hearing health care, hearing devices are e?q>ected to find increasing 
use in communications and computing. The iiq)ut/ou^ut functions of a cellular 
telephone, for exanq3le, may be realized in the form of an earpiece that is physically 
separated from a pager-size radio unit but which is linked to the radio miit by a 
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bidirectional digital audio link. The earpiece, besides being equq>ped with a miniature 
speaker, may also be equipped with a miniature microphone. 

The radio unit may incorporate a degree of mtelligence, e.g., voice-recognition 
affabilities. Usmg such a system, a user could simply say the words "Call home,** in 

5 response to which the radio unit would recognize the verbal command and dial the 
appropriate number. When the call was answered, a normal telephone conversation 
could then proceed, almost as if the caller were speaking into thin air. In fact, the 
caUer might be joggmg outdoors, or be engaged in some other activity. Instead of 
telephotiy, the same sort of system may be used for entertainment— to listen to music, 

10 for example— or for instruction, or other purposes. 

To enable existing hearing aid designs to be provided with the type of 
capabilities described, an audio interface is required that is conq)atible with existing 
designs and is capable of supporting the type of data transfer required by the target 
applicatioch-telephony, high-fidelity stereo, etc. Furthermore, the interface must be 
IS compatible with the usual hearing device constraints of miniature size and very low 
power consumption. The present invention addresses this need. 

SUMMARY OF THE INVKNTTON 
The present invention, generally speaking, provides a method and apparatus for 
interfacing a hearing device and an auxiliary device to achieve a wireless 
20 conmmnications link between the hearing device and a remote device. The hearing 
device has a case including an external connector defining signal lines including power, 
ground, clock, data, and a fiirtfaer signal line. Circuitry is provided widiin the auxiliary 
device for exchanging control data with the hearing device using the clock and data 
signal lines and for exchanging audio information with ttte hearing device using one of 
25 1) the clock and data signal lines; and 2) the further iapyst signal. 
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BRffiF DRSCRIPTION OF THR PR AWTNH 
The present invendon may be further understood from the following description 
in conjunction with the appended drawing in the drawing: 

Figure la is a perspective view of a conventional hearing device; Figure lb is 
5 a perspective of an auxiliary device; Figure Ic is a perspective view of the auxiliary 
device connected to the hearing device; Figure Id is an enlarged view of a portion of 
the bearing device of Figure la showing in greater detail a conventional connector; ami 
auxiliary device packages showing the manner of connection of the devices; 

Figure 2 is a block diagram of a hearing system incorporating a hearing device 
10 and an auxiliary device; 

Figure 3 is a more detailed block diagram of the interface cbxniit of Figure 2; 

and 

Figure 4 and Figure 5 are timing diagrams illustrating a protocol enq)loyed in 
the system of Figure 2 in accordance with a preferred embodiment of the invention. 

15 DHTAn.RD DF^CRIPTION OF THE PRKFERRED FMBOnTMFNTS 

Referring now to Figure 2, a block diagram is shown of a hearing system 
incorporating a hearing device 210 and an auxiliary device 240. The hearing device 
210 is DSP-based and is realized using a three-chip chip set including an analog chip 
21 1, a DSP chip 213 and a memory chip 215. The analog chip 21 1, DSP cinp 213 and 

20 memory chip 215 are coupled to a common bus 217. The conmion bus may be an fC 
bus, for exanq)le. The DSP chip 213 and the analog chq? 211 are coiq)led by a separate 
audio bus 223. The analog diq> 211 is coupled to a microphone 225 and a speaker 227. 
The common bus 217 is also coupled to an interfoce chip 219, which is connected to 
an external connector 221. The interface chq> 219 is coiq)led to the common bus 217 

25 for the purpose of inter&cing to the auxiliary device 240. The external connector 221 
may provide power and ground to the auxiliary device 240 as indicated. Furthermore, 
a Direct Audio Input (DIA) signal is coupled from the external connector 221 to the 
analog chip 211. 
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In operation of the hearing device of Figure 2 (absent the auxiliary device), the 
analog chip 211 produces audio sanq>les of sounds picked up by the microphone 225 
and transmits the audio samples across the audio bus 223 to the DSP 213. The DSP 
213 processes the audio sanq)les and produces an audio signal. The audio signal is 
5 tran^tted back to the analog chip 211 on the audio bus 223. The audio signal may 
be an analog signal that is filtered within the analog chip 211 before being applied to 
the speaker 227. 

The auxiliary device 240 realizes a wired or wireless conmnmications link for 
delivering audio information to the hearing device 210. In one embodiment, the 
10 auxiliary device 240 receives an audio signal and delivers an analog audio signal to the 
hearing device 210. The source of the analog audio signal may be a personal audio 
device such as a tape player, for example. In another embodiment, the auxiliary device 
240 operates to receive and optionally transmit real-ttme data, in particular digital audio 
signals. 

15 The transmit and receive capabilities of the auxiliary device 240 may be used 

to realize a bidirectional communications link, for example a bidirectional 
conmnmications link to the cellular telephone network. 

Referring still to Figure 2, in one embodiment, the auxiliary device is 
microcontroller-based. Input and output of information to and from a microcontroller 

20 241 is acconq>lished through a digital interface unit 242. The digital interface unit 242 
is coi^led in turn to an RF section 250. The RF section 250 includes an RF receiver 
or RF transponder 251 and an antenna 254. In a basic embodiment, a D/A converter 
244 is coupled between the digital interface unit 242 and the DAI signal line of the 
external connector 221 and is used to produce an analog audio signal. In this 

25 embodiment, the RF section 250 may include an RF receiver only. 
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The microcontroller 241 of the auxiliary device 240 provides for connection of 
a standardized serial bus 244, e.g., the fC bus. When the auxiliary device 240 is 
connected to the external connector 221, control data may be exchanged between the 
microcontroller 241 and the various chips within the hearing device 210, through the 
5 intexbcc clap 219. In the basic embodiment, an analog audio signal is provided to the 
hearing device 210 via the DAI line. 

In a more advanced embodiment, a bidirectional digital audio Unk is established 
between the hearing device 210 and the auxiliary device 240. The fC protocol is not 
optimized for either high data rates or low power requirements and is therefore not 

10 well-suited for exchanging digital audio data. However, the DSP 213 of the hearing 
device 210, besides being coupled to the f C bus 217, is provided with a port for 
connecting to a four-wire digital audio bus 214 of a type co-developed by Sony and 
niilips Corporations. For purposes of digital audio communications, it is deskable for 
the auxiliary device 240 to communicate with the DSP 213 through the bus 214. For 

15 control purposes, however, it is desirable to preserve the ability to communicate with 
the chips of the hearing device using the f C (or other inter-IC) bus 217, In addition, 
space constraints dictate that the conventional connector remain unaltered 221. In order 
to satisfy these various requirements, the interface chip 219 connects to the 
conventional connector 221 and functions as a multi-protocol serial bus bridge. 

20 Within the auxiliary device 240, a switch 243 within the digital interface chip 

242 is coupled to CLOCK and DATA lines of the conventional connector 221. The 
switch 243 is controlled to connect the lines to either the fC bus 244 of the 
microcontroller 241 or to CLOCK and DATA lines within the digital interface chip 
242. 

25 Referring to Figure 3, the interface ch^) 219 of the hearing device 210 is shown 

in greater detail. The lines 301 form a multi-protocol, f C/two-wire digital aiidio bus 
(dual bus), A switch 303 connects the dual bus to either the fC bus 217 or to a four- 
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wire to two-wire converter 305. The converter 3054s Gonnected to the bus 214. An 
fC control mlerfiace 307 is connected to the fC bus 217. The fC control mter&ce 307 
produces a signal 309 for controlling the switch 303. 

Also competed to the dual bus is a switch mode detector 311. The switch mode 
5 detector 311 produces a signal 313 that is input to the fC control interface 307. 

In operation, when the interface chip 219 is powered up, the switch 303 is set 
to connect the dual bus 301 to the fC bus 217. With the switch 303 in this position, 
the microcontroller 241 is coupled to the fC bus 217. Furthermore, either the 
microcontroller 241 or the DSP 213 can connnunicate wititi the fC control interface 307 
10 to cause the switch 303 to be changed to the other position (the data transfer position) 
used to digital audio communications. 

Referring to Figure 4, the protocol employed for two-wire digital audio 
communications is simple and involves little overhead. It is therefore more ideally 
suited than the fC protocol for high-speed, low-power digital data communications. 
15 Commimications are framed using an elongated clock pulse. During each frame, some 
number of bits of audio data is sent to the hearing device in accordance with various 
communications options, described below. Immediately thereafter, the same number 
of bits of audio data is received from the hearing device. 

A variable clock rate is generated by the digital interface 242 that is no greater 
20 than required to siqyport the desired data rate. For example, in one mode, eight-bit 
saiiq)les are exchanged in each dhection between the auxiliary device and the hearing 
device at a rate of SOW) samples per second each direction. The digital interface 
therefore generates a clock having a rate of 128 kcps. The clock rate may vary during 
use according to external events. For example, a telephone call might be received 
25 during a time in which external events. For exanq)le, a telephone call might be 
received during a time in which high fidelity audio signals are being supplied to the 
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hearing device. The rate would then be substamially reduced to a rate comm^isurate 
with the lower data rate of the telephone call, conserving power. 

With the switch 303 in the data transfer position, the DSP 213 still enjoys 
conununication with the control interface 307 and is able to command the interface 
5 307 to change the switch back to the fC position. Note, however, that the auxiliary 
device 240 can then no longer communicate directly with the fC control interface 307 
to cause it to switch the switch 303. The switch mode detector 311 is provided for this 
purpose. 

Referring more particularly to Figure 5, when the switch 303 is in the data 
10 transfer position and a decision is made in the auxiliary device 240 to change the switch 
303 back to the fC position, the digital interface chip 242 grounds the CLOCK line of 
the dual bus 301. If the CLOCK line remains groimded for a specified duration as 
determined by the switch mode detector 311 according to its internal clock signal, the 
switch mode detector 311 asserts the signal line 313. The fC control interface 307 
15 responds by changing the switch 303 to the fC position. The duration may be the 
duration of a communications frame. 

The functions of the pins of the external connector 221 in various modes are 
shown in Table 1 . Of particular interest for purposes of the present invention are the 
ANALOG and DIGITAL modes. 
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Within the DIGITAL mode, the hearing system may be switched between Data 
Mode which uses the bus 214 and Control Mode which uses the fC bus. For Data 
Mode, various conversion modes, sanq)le size and data rate options may be set. 
Command registers within the interface chip 219 are used to control these various 
modes and options, as shown in Table 2. 
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FIELD i 


SAMPLE RATE 
BAR TO RPU 
(BITS 4-7) 




0« 8000sps 1 

1 = 11000 sps 1 

2 = 16000 sps 1 

3 « 22000 sps 1 

4 = 32000 sps 

5 - 44100 sps 

6 " 48000 sps 


SAMPLE RATE 
RPU TO EAR 
(BITS 0-3) 




0- 8000 
samples per 
second (sps) 

1 = 11000 sps 

2 - 16000 sps 

3 = 22000 sps 

4 = 32000 sps 

5 -44100 sps 

6 = 48000 sps 


SAMPLE SIZE 
EAR TO RPU 
(BITS 6-7) 


0 = 8 bit samples 

1 = 12 bit samples 
2-14 bit samples 
3 = 16 bit sa]]q>Ies 




SAMPLE 
SIZE EAR 
TO RPU 
(BITS 4-5) 


0 = 8 bit 
samples 

1 » 12 bit 
samples 

2 8 14 bit 
samples 

3 = 16 bit 
samples 




CONVERSION 
MODE 
(BITS 2-3) 


0 = Linear 
conversion 

1 = A Law to 
linear 

2 = MU Law to 
linear 




RESERVED 
(BITI) 






MODE 
(BITO) 


0 = PC bus 
Control Mode 

1 » [Name] bus 
Data Mode 




CONTROL REGISTER 


1 0:IH: Address 1011000 


1: I'C Address 1011001 
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It will be ^parent to those of ordinaiy skill in the art that the present 
invention can be onbodied in other specific forms without departing fix)m the spirit 
or essential character thereof. The disclosed embodiments are therefore regarded 
in all respects to be illustrative and not restrictive. The scope of the invention is 
5 indicated by the appended claims rather than the foregoing description, and all 
changes which come within the meaning and range of equivalents thereof are 
intended to be embraced therein. 
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What is claimed is: 

1. A method of augmenting die functions of a hearing device to provide 
a comnmnications link between the hearing device and a remote device, the hearing 
device having a case nicludiiig an external coimector defining signal lines including 

5 power, ground, clock, data, and a further signal line, the medu>d conqmsing the 
steps of: 

providing an auxiliary device including a communications receiver 
and associated interface circuitry in an auxiliary case having a mating 
connector for engaging said external connector; 
10 coupling the mating connector and the external connector; and 

communicating real-time data received by the receiver to the hearing 

device. 

2. The method of claim 1, wherein the auxiliary device includes a 
communications transponder, comprising the further step of communicating real- 

15 time data fix)m the hearing device to the auxiliary device for transmission by the 
auxiliary device. 

3. The method of clami 2, wherein conununicating real-time data 
comprises the auxiliary device modifying the clock signal to present a distinctive 
sync pulse and sending a predetermined number of data samples on the data line, 

20 followed by the hearing device modifying the clock signal to present a distinctive 
sync pulse and sending an equal number of data samples on the data line. 

4. The method of claim 2, comprising the further step of communicating 
control data from the auxiliary device to the hearing device. 

5. The method of claim 4, wherein real-time data and control data are 
2S both communicated to the hearing device using the clock and data signals. 

-12- 
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6. The method of claim 5, wherein the hearing device includes a digital 
signal processor having first and second serial ports, the second serial port being 
capable of exchanging audio samples at a rate of greater than 40,000 samples per 
second, the method comprising the further stqps of: 

5 switching the clock and data lines within the hearing device such that 

the clock and data lines are coupled to the first serial port for control 
communications and are coiq)led to the second serial port for real-time data 
communications. 

7. The method of clann 6, wherein the second serial port is a four-wire 
10 port, the method con5)rising the further steps of converting two-wire digital audio 

data received on the clock and data lines to four-wire digital audio data, and 
^plying the four-wire digital audio data to the second serial port. 

8. The metbod of claim 6, conq)rising the fiuther step of switching the 
clock and data lines from the second serial port to the first serial port upon a 

IS predetermined signal applied by the auxiliary device to one of the clock and data 
lines. 

9. The method of claim 8, wherein the predetermined signal comprises 
grounding the clock line for a predetermmed number of clock cycles. 

10. Apparatus for inter&cing a hearing device and an auxiliary device to 
20 provide a wireless communications link between the hearing device and a remote 

device, the hearing device having a case including an external connector defining 
signal lines inchiding power, ground, clock, data, and a further signal line, the 
apparatus comprising circuitry within the auxiliary device for exchanging control 
data with the hearing device using the clodc and data signal lines and for exchanging 
25 audio information with the hearing device using one of 1) the clock and data signal 
lines; and 2) the furdier iiq)ut signal. 
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11. The apparatus of claim 10 wha:iein said circuitry comprises a switch 
for selectably coraiectiiig the clock and data lines to one of a microcontroller and a 
digital interfece within the auxiliary device, and control logic for controlling the 
state of the switch. 

5 12. The apparatus of claim 10, further comprising within the hearing 

device a data converter and a switch for selectably connecting the clock and data 
lines to one of a common bus of the hearing device and the data converter. 

13. The sqjparatus of claim 12, wherein the data converter is connected 
to a serial port of a digital signal processor of the hearing device, the serial port 

10 having a higher maximum data throughput than said common bus. 

14. The ^aratus of claim 13, further conq)rising control logic coupled 
to and accessible from said common bus for causing the switch within the hearing 
device to switch from the data converter to the common bus, 

15. The apparatus of claim 14, further comprising within the hearing 
15 device a detector coiq)led to the clock and data lines and to the control logic withm 

the hearing device for detecting a predetermined condition of at least one of the 
clock and data lines and signallmg the predetermined condition to the control logic 
within the hearing device, whereby the switch is switched from the data converter 
to the common bus. 

20 16. The m^od of Claim 2, wherein the auxiliary device includes a 

communications transponder, and wherein said transmission by the auxiliary device 
is wireless transmission. 

17. The method of Claun 2, wherein said transmission by the auxiliary 
device is wired transmission. 



-14- 



W0 9R/44761 



1/5 



PCT/US98/0d347 




wo 98/44761 PCTAJS98/06347 

2/5 




wo 98/44761 



PCT/US98/06347 



3/5 




SUBSTITUTE SHEET (RULE 26) 



wo 98/44761 



PCTAJS98/06347 



4/5 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



